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LIST OF TERMSUSED IN THISDOCUMENT

Active Remediation- Actions takento reduce the concentrations of Chemica of Concern(COC).

Attenuation - The reduction in concentrations of COC in the environment with distance and time
due to processes suchas diffuson, dispersion, absorption, chemical degradation, biodegradation,
etc.

Chemicd of Concern (COC) - Specific condituent that is identified for evaluation in the risk
assessment process.

Corrective Action - Activities conducted to protect human hedth, safety, and the environment.
These ativities incdlude recovery of free-product, evauating risks, making site action decisons,
implementing indtitutiona controls, designing and operating cleanup actions and equipment, and
monitoring of progress.

Corrective Action Plan (CAP) - A document outlining proposed corrective actions.

Direct Exposure Pathway - An exposure pathway where the point of exposureis at the source,
without arelease to any other medium.

Enginering Controls - Modifications to a ste or fadlity (e.g., capping, point of use water
treatment, etc.) to reduce or eiminate the potential for exposure to COCs.

Exposure - Contact of a person, plant or anima with a COC.

Exposure Assessment - The determination or estimation (quaitative or quantitative) of the
magnitude, frequency, duration, and route of exposure.

Exposure Pathway - The course COCstake fromthe source area(s) to an exposed organism. An
exposure pathway describes a unique mechanismby whichanindividua or populationis exposed
to COC. Each exposure pathway includes a source or release from a source, an exposure point,
and an exposure route. If the exposure point differs from the source a transport/exposure media
(e.g., ground water) isincluded.

Exposure Point - The point at which it is assumed that a receptor, either actual or potentid, can
come into contact, either now or in the future, with the COC.

Exposure Route - The manner in which COCs come in contact with an organism (i.e., ingestion,
inhaation, derma contact).

Free Product - "Free product” refers to a regulated substance (40 CFR 280) that is present asa
non agueous phase liquid (e.g., liquid not dissolved in water).

Gas Chromatograph (GC) - An instrument used to analyze soil and ground-water samples.
Indirect Exposure Pathways - An exposure pathway withat least one intermediate release to any
media between the source and the point of exposure (e.g., leaching of COCs from soil to ground
water and subsequent ingestion of ground waeter).

Ingtitutional Controls - The restriction on use or access (e.g., fences, deed restrictions, restrictive



zoning, conditions for a Ste action decison) to asite or facility to diminate or minimize potential
exposure to COCs.

Interim Corrective Actions - The course of actionto mitigatefireand safety hazards and to prevent
further migrationof hydrocarbons in their vapor, dissolved, or liquid phase. Also, any actiontaken
to reduce risk prior to implementation of afina remedy.

Intringc Remediation - The veifiable reduction of COCs through naturally occurring microbia
activity and/or other attenuation mechanisms.

Maximum Contaminant Level (MCL) - A standard for drinking water established by USEPA
under the Safe Drinking Water Act whichisthe maximum permissible level of COC inwater which
is used as a drinking water supply.

Organic Vapor Analyzer (OVA) - A fidd instrument used to measure the organic vapors present
in asample of soil or ground water. A Photo lonization Detector (PID) isatype of OVA.

Point(s) of Compliance- A location(s) selected betweenthe source area and the exposure point(s)
where COCs must be a or below the determined target levels in media (e.g., soil, ground water,
ar).

Reasonably Anticipated Future Use - Future use of aproperty or adjacent property which can be
predicted with ahigh degree of certainty givencurrent use, local government planning, and zoning.

Receptors- Persons, structures, utilities, surface water, sengtive habitats, and water supply wells
that are, or may be, affected by arelease.

Region - The United States Environmenta Protection Agency, Region 5 Office of Underground
Storage Tanks/Leaking Underground Storage Tanks

Risk Assessment - An andyss of the potentid for adverse hedlth effects caused by COCs to
determine the need for corrective action. Also used to develop target levels where corrective
actionisrequired.

Risk Reduction - The lowering or dimination of the leve of risk posed to human hedth or the
environment through initid response action, corrective action, or inditutional or engineering
controls.

Risk-Based Screening Leves (RBSL) - Risk-based, non-site-specific, corrective action target
levels for a COC associated with a Tier 1 evauation.

Senstive Environmental Receptor - Includes human and ecologica receptors such as fisheries,
wetlands and habitats of threastened or endangered species.

Site Action - A decision to be made by the Region impacting the regulatory outcome of the Site
being evauated under this guidance document. NOTE: The Region is currently revisng the
definitionof "gteaction” to provide clarification on the wording of afind letter. Itissmilartoano
further action” but it isnot to be interpreted as suchat thistime. When completed, the revised "ste
action” will be made available. Example wording of aste action letter isincluded in Section 111.

Site Assessment - The collection of data on ground-water quality and potential receptors,



subsurface geology, hydrology, and Site characteristics to determine the levels of the COCs, and
extent of the migration of the COCsto support corrective action decisions.

Ste Classfication - A quditaive evaduation of a Ste based on known or readily available
information. Associated with Site classifications are initia response actions that are to be
implemented smultaneoudy with the RBCA process. Sitesshould be re-classfied as actions are
taken to resolve concerns or as better information becomes available.

Site-Specific Target Leve (SSTL) - Risk-based corrective action target level for a COC
developed for a particular Ste under the Tier 2 and Tier 3 evauations.

Source Area - defined as ether the location of free-phase hydrocarbons or the location of highest
soil and ground-water concentration of the COCs.

Tier 1 Evauation - A risk-based andysis where non-site-pecific vaues based on consarvative
exposurefactors (RBSL), potentia exposure pathways, and land use are evauated to determine
appropriate actions.

Tier 2 Evdudion- A risk-based analysis applying the RBSL at the exposure point, devel opment
of SSTL for potentid indirect exposure pathways based on site-specific conditions, and
edtablishment of points of compliance.

Tier 3 Evdudion - A risk-based andyss to develop vaues for potentia direct and indirect
exposure pathway's at the exposure point based on site-specific conditions.



PREAMBLE

The United States Environmenta Protection Agency (U.S. EPA) Region 5 Underground
Storage Tank Section (USTS) isissuing the following technica guidance to assist responsible parties
and their contractors in the federaly regulated (40 CFR Parts 280 & 281) leaking underground storage
tank corrective action process. Release reporting and Corrective Action requirements for LUST sSites
can be found under Subpart E and F of the technical Standards. Subpart E - "Release Reporting,
Investigation and Confirmation Section” and Subpart F - "Release Response and Corrective Action for
UST systems containing Petroleum and Hazardous Substances Section” can be referenced under 40
CFR Parts 280.50-53 and 280.60-67, respectively. This document was designed to provide a
methodology for making risk-based decisions concerning corrective action for releases of petroleum
and petroleum products (not hazardous substances as defined in the technical standards), for those Sites
that will fall under federd regulaory jurisdiction. The document should be consdered find, however, it
may be subject to future revisons. 1f this guidance document isused in other jurisdictions,
please substitute the words " Region" where ever they appear with theterm " implementing
agency" .

The policy decisonsillustrated in the accompanying text represent the views of Region 5
USTS. Throughout the document, the Region has decided to rely on atarget risk range of 10° (1in
1,000,000) for aresidential scenario and 10° (1 in 100,000) for a commercid/industrial scenario.
There may be instances when arisk of 10* (1 in 10,000) for an industrid scenario aso will be
appropriate. Accompanying tables and Risk Based Screening Leves reflect this policy decison. The
Hazard Quotient is < 1 for non-carcinogens. The decisons reflected herein are the result of areview of
exigting Risk Based Corrective Action (RBCA) policy decision making documents, knowledge gained
during RBCA training seminars atended by Regiona personnd and experience in managing risk at
Federd-Lead LUST stes since federa regulations were promulgated in 1988. Where applicable, risk
equations used were derived from the American Society for Testing and Materids ES-38 Guide for
Risk Based Corrective Action Applied at Petroleum Release Sites, including those for the inhdation
exposure based on vapor intrusion from groundwater.

The Tier 1 soil and ground water look up tables included in this guidance document reflect cancer risks
of 10° for aresidential scenario, and 10° for commercia/industria scenarios. Usarswill note that the
s0il risk based screening levels are categorized into clay and sand environments. Also, because the
specific input parameters used within the soil leachability modd in Appendix B produced results for
PAHSs (naphthaene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)flouranthene, benzo(a)pyrene,
chrysene, and dibenz(a-h)anthracene) greater than 1X10° mg/kg, there are no corresponding values for
these COCswithin Tables5 and 6. However, Region 5 will review dl COC leves, including PAHS,
on asite pecific basis. If dte conditions indicate potentid risks from these COCs viaany of the
pathways covered by this guidance document, additiona investigation may be necessary as part of a
Tier 2 evauation. Userswill dso note that soil RBSLs become less stringent with respect to depth of
the COC from the measured water table. This policy choice was made by Region 5 to consider
varying geologic conditions across the Region, and to account for other effects on COC migration.

Ground water look up tables were developed for ingestion of ground water, under both a Residential
and Commerciad/Industria scenario. Vapor inhdation pathways were included to cover those sites
where inhaation of vapors from soil poses amore redigtic risk than ingestion of COC contaminated soil
or ground water.

Although vapors could migrate to both ambient air and to ar insde a building under certain conditions,
RBSLs associated with inhdation of indoor ar are not included in this guidance document. Thisis



consgtent with the U.S. EPA's Soil Screening Guidance (1994). At thistime, the potentid for
migration of contaminants into basements cannot be quantitatively estimated in a reliable manner without
agreat ded of uncertainty. The existing modes for vapor intruson into buildings have not as yet been
vaidated. In addition, the parameters used in these models (such as the number and size of cracksin
basement walls) are extremely site specific and are not easly characterized by generic sandard
assumptions.

Because the ASTM modd s that were used to calculate the outdoor air RBSL s incorporate very
conservative assumptions, these Tier 1 soil and ground water RBSL s are expected to aso be
protective of the indoor air pathway. For example, the modeds assume that there is an infinite source of
contamination in the soil and ground water (i.e., no depletion, dilution or degradation occurs), that the
contamination is spread evenly across the width of the entire affected area and extends al the way to
the ground water table, and that vaporswill be continuoudy emitted from an unpaved soil surface for
the entire exposure duration (30 years for residents, 25 years for commercid/industrial workers). In
addition, the vapor RBSL equations use a conservative box modd to estimate dispersion in the ambient
ar ingtead of the Gaussian disperson modd used in EPA's Soil Screening Guidance.

Although soil and ground water RBSL s associated with indoor air inhaation are not included in this
guidance document, the indoor air pathway should be evauated on a case-by-case basis. If Ste
conditions indicate potentia risks viathis pathway (e.g., vapors have been detected ingde a building),
additiona investigation may be necessary as part of a Tier 2 evaduation.

Soil RBSLs based on dermad exposure adso have not been included in this guidance document. Thisis
aso conggtent with EPA's Soil Screening Guidance. The evauation of this pathway is very uncertain
due to the lack of data regarding the absorption of chemicals from the soil matrix through skin. Dermd
expaosures to contaminants in soil should aso be evauated on a case-by-case basis if Site conditions
indicate potentid risks viathis pathway.

It is expected that respongible parties required to apply this guidance document will retain qualified
consultants to complete each of the steps and worksheets included within. Based on results obtained
by the Region on a case by case basis, Siteswill be classified according to risk and kept in a Regiona
database. A dte following the dlassfication scheme outlined in Step 2, will receive a priority rating.
Thisrating will represent its reative priority for Regiond review and decison making.

Regarding Ste assessment guidance, this document references the American Society for Testing and
Materids (ASTM) provisond guidance document PS 3 - Provisional Standard Guide for Accelerated
Site Characterization for Confirmed or Suspected Petroleum Releases. The ASTM ASC Guide may
be obtained (after 2/9/96) by contacting ASTM at 100 Bar Harbor Drive, West Conshohocken, PA.,
19428 or at (610) 832-9500. The Region 5 RBCA document does not include a specific reference
which explicitly lists which parameters to investigate or sample collection methods to be used. Instead,
we rely on the knowledge and expertise of the consulting community (as defined in the ASTM Guide)
to determine the proper information needed to complete either of the Tiers 1, 2 or 3 processes. A
generd ligt of necessary information for a Tier 1 evauation can be found under Step 1 "Initid Site
Assessment”. Thereis dso areference document included (Appendix C) which lists possible
parameters to be collected as part of an intringc remediation evauation. Decisions as to the adequacy
of ste characterizations will be made by Region 5.

Regarding free product, it is the Region's policy that responsible parties will be required to remove, to
the extent practicable, any free product located at a Site, regardless of the classification. Free product
remova requirements can be referenced in 40 CFR 280.64. To the extent practicable can mean
removad of al free product, remova of aportion taking into condderation site specific condraints, or
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some other combination.

Unless otherwise indicated, information required to be maintained or submitted pursuant to a
respongble party following this guidance document, is not subject to the gpprova requirements of the
Paperwork Reduction Act, 44 U.S.C. 3501, et. seq. The Office of Management and Budget (OMB)
has approved the information collection requirements contained in Subpart E -- "Release Reporting,
Investigation, and Confirmation™" and Subpart F -- "Release Response and Corrective Action for UST
Systems Containing Petroleum or Hazardous Substances®, under the provisions of the Paperwork
Reduction Act, 44 U.S.C. 3501 et. seq. and has assigned OMB Control Number 2050-0068. The
authority for corrective action requirements under the Federa Underground Storage Tank program
(Subtitle I can be found under Section 9003(h)(4) of the Resource Conservation and Recovery Act of
1976 as amended, 42 United States Code 86991 et. seq.

L Specifically 40 CFR §280.50 and §280.53
2 Specifically 40 CFR §280.61-67, §280.71 and §280.74

NOTE: This guidance document is based on the RBCA guidance prepared by the South Carolina
Department of Health and Environmenta Control's LUST Program. It was modified for use by Region
5 by Gilberto Alvarez of the Underground Storage Tank Section, under the direction of Andrew
Tschampa, Chief and Gerdd W. Phillips (former Chief). The Region would like to acknowledge the
assistance provided by Read Minor of SCDHEC, Shawn Sager of Geraghty and Miller, aswell as
Steve Washburn, Wedey Go & Steve Song of Environ. The Region aso acknowledges the assstance
provided by various peer reviewers. Comments, questions and concerns can be directed to the Region
5USTSat 312 886 6159 or by writing to U.S. EPA; DRU-7J; 77 W. Jackson; Chicago, II, 60604.
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|. RISK-BASED DECISION MAKING FOR PETROLEUM RELEASES

The following technical criteria should be used to assst respongble parties and their contractors
in the federally regulated leaking underground storage tank corrective action process. This document
was designed to provide a methodology for making risk-based decisions concerning corrective action
for releases of petroleum and petroleum products.

Where risk-based decision making is incorporated into the corrective action process, the result
is called risk-based corrective action (RBCA). The risk-based decision process takes into account
the current and potential future risk posed by releases. Therisk is defined by using site-specific dataon
receptors, exposure potential, sSite hydrogeology, and the type, amount, and toxicity of the COCs. The
objective of this processisto ensure that corrective actions are protective of human health and the
environmen.

This document is based on the ASTM Guide for Risk-Based Corrective Action at Petroleum
Release Sites (ES38-94) and focuses on evauation of the potential risk of exposure to the COCs:
direct exposure due to ingestion of ground water, indirect exposure due to leaching from soil to ground
water, vapor inhdation, vapor/explosive levelsin buildings, structures, or utilities, and direct contact
with soil. The ASTM RBCA Guide may be obtained by contacting ASTM at 100 Bar Harbor Drive,
West Conshohocken, PA., 19428 or at (610) 832-9500. Ouitlined in the this document is athree-
tiered approach for the evauation of a petroleum release integrating risk assessment, risk managemen,
Ste assessment, monitoring and corrective action sdlection (see accompanying flow chart) for petroleum
releases in the Region.

Responsble parties must take certain initid steps, including action to prevent further releases,
control fire and explosion hazards, and remove free product pursuant to the Federal Requirements for
USTs, 40 CFR Part 280.64. Investigation reports, RBCA evaluations and CAPs must be approved
by the Region in accordance with gpplicable guidance.



insert page 2 and 3 (2 page flow chart) here



Il. RISK-BASED CORRECTIVE ACTION PROCEDURES

STEP1-INITIAL SSTE ASSESSMENT

The information necessary for determining if interim corrective action is gppropriate and for
comparing concentrations of the COCsto the RBSL (i.e, aTier 1 evduation) must be obtained. An
Accderated Site Characterization (ASC) gpproach as outlined in the American Society of Testing and
Materials provisona guidance document PS 3 "Provisionad Standard Guide for Accelerated Site
Characterization for Confirmed or Suspected Petroleum Releases’ can be used to collect the necessary
information. In generd, the information to be obtained during the initid Ste assessment includes:

! A review of historicd records of Ste activities and past releases;

! Quantification of the COCs. For petroleum releases, based on toxicity, mohility, persstence,
and presence in materia released, selected COCs are:

For gasoline: benzene, toluene, ethylbenzene, xylenes (BTEX) and MTBE

For leaded gasoline, add: Lead, EDB

For diesel & kerosene: BTEX, PAHs. ngphthaene, benzo(a)anthracene,
benzo(b)fluoranthene, benzo(k)flouranthene, benzo(a)pyrene, chrysene, and dibenz(a
h)anthracene

For used ail, add: arsenic, barium, cadmium, chromium, leed, mercury, selenium, and silver

Asthetoxicity of Total Petroleum Hydrocarbon (TPH) andyses cannot be quantified, it cannot
be used in the risk decision making process.

! Additiona parametersto use soil leachability model. One background soil sample for Tota
Organic Carbon (EPA method 415.1) and one soil sample taken from the source area for
gran szeandyss.

! Location of primary source(s) of COCs,
- USTs, product lines, dispensers, service bays, etc.

! Location of secondary source(s) of COCs;
- free-product, soil with concentrations above RBSL, etc.

! Location of maximum concentrations of COCsin soil and ground water;

! Determination of regiond or ste-specific hydrogeologic conditions (e.g., depth to ground
water, flow direction, gradient, ambient ground water quality, ground-water flow velocity);

! Determineif the COCsin the soil will leach to ground water (a soil leachability modd is
provided in Appendix B - NOTE: The soil leachability moded in Appendix B must be used for
Tier 1 evauations, additiona models can be used for further tier andysis);

! Location of current and reasonable potentia future receptors (including well searches);

! |dentification of potential significant transport and exposure pathways. A complete exposure
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pathway requires: 1) a source and mechanism for COC release into the environment, 2) a
transport medium (e.g., ar, soil, ground water, vapor migration through soil and utilities) for the
COC to move from the source to the receptor, 3) a point of potential contact of the receptor
with the medium (points of exposure such as drinking water wells), and 4) an exposure route or
means for taking the COC into the body (e.g., ingestion, inhaation, derma contact);

! Determination of current and reasonably anticipated future use of the property, ground water,
surface water, and senditive environmenta receptors where the release has occurred and the
surrounding property. Land use zoning (commercid, indudirid, or resdentia) should be
considered when eva uating reasonably anticipated future use.

! If available, changesin concentrations of the COCs over time (i.e., Sable, increasing,
decreasing); and,

! If appropriate, concentrations of COCs measured at point(s) of exposure (e.g., concentrations
of COCsin anearby drinking water well, vapor concentrations of COCsin nearby utilities).

STEP2-STE PRIORITY CLASSIFICATION

Based on initid release information, and subsequently upon completion of each tier evauation,
the release is classified into categories based on the current and projected degree of risk to human
hedlth and the environment. The highest priority classfication isfor those releases which pose an
emergency. The second priority classfication isfor those releases which pose a sgnificant near term (0
to 1 year) threat, the third priority classfication is for those releases where there is a short term (1 to 2
years) threet, the fourth priority classfication isfor those releases where there is along term (> 2 years)
threat to human hedlth or the environment. Thefifth priority classfication isfor reeases which: 1) do
not meet any of the characterigtics of the earlier priorities, or 2) where currently thereis no
demongtrable threat to human hedlth or the environment but where the data indicate COCs are above
the RBSL and further assessment is needed. Trave times are cdculated from the monitoring well
closest to the receptor that contains concentrations of COCs above the RBSL.

Prioritization is an on-going process and is based on available information. Releases may be
re-classified subsequent to interim remedia actions, further assessment information, and corrective
action. Please see Appendix A for the detailed priority classification system. |If the Ste becomesa
confirmed release as aresult of atank remova operation, every atempt must be made to address the
most contaminated soil in and around the tank pit area. An interim action such as alimited excavation
of the most heavily contaminated soils will reduce the future risk associated with the site.

Some release scenarios and proper response actions to eiminate any immediate threat are
provided in Table 1. Interim remedid action to eiminate actua exposure is required - depending upon
the State or locd jurisdiction of the release, contact with the appropriate emergency management
agency isrequired. Regarding free product, it isthe Region's policy that responsible parties will be
required to remove, to the extent practicable, any free product located at a Site, regardless of the
classification. Free product remova requirements can be referenced in 40 CFR 280.64. To the extent
practicable can mean remova of dl free product, removal of a portion taking into consideration site
gpecific congraints, or some other combination.

STEP3-TIER 1 EVALUATION

Conducting a Tier 1 evaluation requires two sub-steps: (1) develop an exposure pathway
analysis and (2) compare the Site specific data to gppropriate RBSLs. A complete exposure pathway
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exists where a mechanism alows a receptor to be exposed to the COC.
(1) EXPOSURE PATHWAY ANALYSS

An exposure pathway analyss identifies dl complete exposure pathways using information
about the facility's operations, types of sources, and the release. Information required to develop this
andysis includes the source of the COCs, current and expected site conditions/land use, proximity to
receptors (receptor survey), current and expected use of ground water and human & sendtive
environmentd receptors. The following potentia exposure pathways should be considered for
evauation: NOTE: The media described below (Air, Ground Water, Surficid (0-1 foot) and
Subsurface Soil represent the transport media for the exposure pathway)

I Air
- inhaation of ambient vapors (particulate or volatile)
I Ground Water
- ingestion
I Surficid Soil
- incidenta ingestion
- inhaation (particulate or volatile)
I Subsurface Soil
- ambient (outdoor) inhaation (particulate or volatile)
- leaching to ground water

For current conditions (and for reasonably anticipated future use if different from the current
use), prepare asummary of complete exposure pathways at a site, based on the factors described
above. For example, drinking water wells may not currently exist but ground water may reasonably
become a source of drinking water. The potentialy exposed population could include: on-Site resident,
off-site resident, worker, and visitor depending on current or projected land use (e.g., commercia or
resdential). Examples of an exposure pathway summarization are provided in Tables 2 and 3.

(2) COMPARISON TO RBSL

A key input parameter is the COC concentration at the exposure point (e.g., concentration in
the water that a current or potentia future receptor may drink, or concentration in the air that a receptor
may breathe). The RBSL for the COC must be met at the exposure point. For the ground-water
ingestion, soil leaching to ground water, vapor inhaation, and soil ingestion pathways, COC
concentrations measured at the source areas should be compared with the vaues provided in the RBSL
Look-up Tables 4 through 10. Important Assumption: In Tier 1, the exposure point(s) and point(s)
of compliance are assumed to be located within the source area or the area containing the highest
concentrations of the COC.

So that data obtained in the assessment can be consistently evaluated, representetive
concentrations of COC in affected media are determined by the following:

- Ground Water: the maximum COC concentration obtained from last sampling event.
Higtorical sampling events can be used to establish trends, for consideration of a Tier 1
action.

- Sail: the maximum COC concentration obtained in the last sampling event for the

ingestion, inhaation, and derma contact pathway, the average COC concentration in
the source area for the soil leaching to ground water pathway. To determine an aredly
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representative COC concentration in the soil to be used in aleachability modd, the
three soil samples with the highest concentration of COC should be averaged. For the
purposes of this guidance, COC concentration refers to the 95 percent upper
confidence limit (UCL) on the average or mean. NOTE: Do not consider analyses of
soils which have been excavated.

- Vagpor: the maximum COC concentration obtained in last sampling event. Historical
sampling events can be used to establish trends, for consderation of a Tier 1 action.

STEP4-TIER 1 ACTION

A decision asto the appropriate action must be made based on the comparison of datain step

3. Four options are available:

1

2)

3)

4)

Site Action - If the concentrations of the COCs are below the RBSL, a Site action decision
will be considered by the Region (for example, further assessment and/or cleanup is not
necessary). For the RBSL comparisonsto be vaid, it must be acceptable to the Region that
the sample locations are representative of the source are(s).

Interim Remedial Action - If the concentrations of the COCs are above the RBSL, partia
source removal or other actions may be necessary to reduce therisk. Free-product must be
removed to the extent practicable, as described in 40 CFR 280.64.

Further Tier Evaluation - If the concentrations of the COCs are above the RBSL, further
tier evaludion is warranted under the following conditions:

! If the SSTL developed under further tier evauation will be significantly different than the
Tier 1 RBSL (concentrations of COCs exceed the RBSL but it is predicted that the use
of ste-gpecific datawill dlow different Ste-specific ceanup gods to be determined
congstent with the same risk godls).

If the cost of corrective action to RBSL likely will be greater than further tier evaluaion
(detacollection, andysis, review, etc.) and subsequent corrective action.

The gpproach, or assumptions, used to derive the current tier's goas are not
representative of conditions at the Site.

Corrective Action - If the concentrations of the COCs are above the RBSL and interim
remedid actions or further tier evaluation are not considered appropriate options, a CAP for
active cleanup and/or intringc remediation (to collect sufficient data to conclude that
concentrations of the COCs will not present arisk to human hedlth or the environment using
natura biodegradation and/or other naturd atenuation mechanisms) should be submitted. See
Appendix C for further information on demongrating intringic remediation.

STEP5-TIER 2 ASSESSMENT

If additiond tier evauation is warranted as outlined in step 4, the responsible party should

submit aletter or a plan to conduct a Tier 2 assessment. NOTE: A written plan is not required for Sites
which use Tier 1 methods, but insert ste specific datafor some of the parameter vaues, caculating
reasonable exposure scenarios and exposure point concentrations, and using Statistical methods for
determining source area concentrations. Additiond Site assessment for aTier 2 evauation should
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include:

! Determination of ste-specific hydrogeologic conditions (for example, conducting a pumping test
to obtain more accurate data);

! Determination of horizonta and vertical extent of COC relative to the RBSL, as gppropriate;

! Determination of changes in concentrations of COC over time (i.e., stable, increasing,
decreasing); and,

! Determination of concentrations of COC measured at exposure points (e.g., in anearby
drinking weater well, vapor concentrations of COC in nearby utilities). Also, verification that
COC contaminated ground water is hydraulically connected to potable aguifer. NOTE: Seethe
next section for amore detailed discussion of exposure points.

Additiond site assessment and fate and trangport evaluation may be required to fully evauate
exposure pathways and scenarios identified during Tier 1. Again, an Accelerated Site Characterization
(ASC) approach can be used to collect the more comprehensive information necessary for a Tier 2
evauation.

STEP6-TIER 2 EVALUATION

Conducting a Tier 2 eva uation requires three sub-steps: (1) establish an exposure point(s), (2)
establish site-specific point(s) of compliance, and (3) calculate the corresponding SSTL for the COC
gpplicable at the point(s) of compliance and source area(s) based on the measured and predicted
attenuation of the COC away from the source area. Modeling (or an equivaent technique) can be used
to predict the attenuation of the COC away from the source area. Relatively smple mathematicdl
models and/or agebraic or semi-andytica expressions can be utilized in thistier; input data can be
limited to practicably attainable site-specific data. The following steps should be followed to complete
the Tier 2 evauation:

(1) ESTABLISH THE EXPOSURE POINT(S)

Based on data collected as part of the tier 2 data collection assessment, most exposure point
scenarios should fdl into one of the following three cases:

Case 1. Where an actud exposure point is identified on the facility property and the off-dte

ground water is a current source of drinking water, or is reasonably anticipated to be utilized, the
established exposure point ison site.

Case 2: Where no actud exposure point is identified on the facility property and the off-site
ground water is a current source of drinking water, or is reasonably anticipated to be utilized, the
established exposure point should be located hydraulicaly downgradient of the facility property
boundary, or on the off site property if an actua exposure point exists there,

Case 3: Where no actud exposure point is identified on the facility property and the off-site
ground water is not reasonably anticipated to be utilized as a source of drinking water, the exposure
point should be located hydraulicaly upgradient of the nearest receptor.

Other exposure points may be established for potentia receptors identified in the assessment
(e.g., vaporsin abasement or utility). The most likely point of exposure closest to the source area
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should be proposed as the exposure point for each pathway identified. The exposure point
concentration of COC where an RBSL has not been established will be developed in consultation
(requiring prior approval) with the Region.

(2) ESTABLISH SSTL

a)

b)

For the ground-water ingestion pathway, the reduction of the COC in the saturated
zone should be estimated using either empirica data or models using site-specific data
Empirica data can be used to estimate the overall concentration reduction factor (CRF)
of the COC in the relevant media from the source to the exposure point. For example,
if the concentration of benzene in the source areais 100 micrograms per liter (ug/l) and
aconcentration of 10 ug/l is present in the most downgradient well, benzene has been
documented to be reduced by afactor of 10 (i.e., the CRFis10). The SSTL =
exposure point concentration X CRF. Since the Residentid RBSL for benzene is 5 ug/l
(0.005 mg/l) to be gpplied at the exposure point, the SSTL for ground water to be met
at the source arealis 50 ug/l (5 ug/l x 10). NOTE: If the downgradient wells have not
been impacted (i.e., CRF = 0), the Region will recommend a"monitoring only”
gpproach for the site. Groundwater will need to be monitored quarterly for one year or
at afrequency and duration to be determined on a Site by Ste basis based on site
conditions.

Modds can aso be used to estimate the fate and transport of the COC away from the
source area. The DOMENICO MODEL, provided in Appendix D, isardatively
smple anaytical modd that is appropriate for many LUST stes. Computer fate and
transport models may aso be gppropriate if Site-gpecific conditions require amore
complex analysis. For the saturated zone, models such as DOMENICO, SOLUTE,
AT123D, and BIOPLUME-II can be used to estimate the transport of COCs. Other
models described in peer reviewed literature may aso be acceptable. All input
parameters and assumptions used in any modd must be provided in the report
submitted to the Region. NOTE: The decision to proceed with more complex models
will be afunction of the complexity of the specific Ste and the data available. For
example, aste where a highly variable dratigraphy exigs. Such asite would be
conducive to acomplex model where multiple aquifer input parameters can be varied to
produce results. If another mode is used, the results need to remain within an order of
magnitude to the models ligted in this guidance.

For the sail leaching to ground water pathway, the SSTL for soil can be calculated
using the leachability model provided in Appendix B (for the tier 2 andysis, additiona
models can be used provided the results remain within an order of magnitude).

In Tier 2, SSTL for the derma contact, soil ingestion, and vapor inhdation pathwaysis
based on a Target Risk Limit of 10° and aHazard Quotient of < 1 for non-carcinogens
to be gpplied at the exposure point, assuming aresdentia setting. For a
commercia/industria scenario, a Target Risk Limit of 10° and aHazard Quotient of <
1 for non-carcinogens should be applied.

(3) ESTABLISH POINT(S) OF COMPLIANCE

The point(s) of compliance should be established hydraulicaly downgradient of the source area
and hydraulicaly upgradient of an exposure point. At least one point of compliance must be located
directly downgradient of the source area (in the area of highest concentration) between the source area
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and the exposure point. When establishing point(s) of compliance, consder: a) locations of current
receptors, b) locations of reasonable potential receptors, ¢) current and projected local and site land
and resource usage, and d) the rate of transport. At least aone year travel time (or other reasonable
time frame for response to compliance point exceedance) upgradient of any actua receptor point
should be established. Additional point(s) of compliance are necessary where complex hydrogeologic
conditions exigt that may control COC migration (e.g., preferentid pathways due to sratigraphy,
fractures).

STEP7-TIER 2 ACTION

A decision asto the appropriate action must be made based on the comparison of datain step

6. Four options are available:

1

2)

3)

4)

Verification Monitoring - If the concentrations of the COCs are below the SSTL, further
COC ddinestionis not necessary. A CAP proposing a short-term (e.g., two years)
monitoring program to verify the modeling results and assumptions used to develop the SSTLs
should be submitted. If the concentrations of the COCs are below the SSTL and historical
datafor at least 2 years (or another timeframe as gpproved by the Region) is sufficient to verify
the modd, then arequest for Site action may be submitted.

Interim Remedial Action - If the concentrations of the COCs are above the SSTL, partia
source remova or other actions may be necessary to reduce therisk. Free-product must be
removed to the extent practicable.

Further Tier Evaluation - If the concentrations of the COC are above the SSTL, further tier
evauation is warranted under the following conditions:

! If the SSTL developed under further tier evauation will be significantly different than the
Tier 2 SSTL (i.e., concentrations of COC exceed the SSTL but it is predicted that the
use of gte-gpecific datawill dlow different Ste-gpecific cleanup gods to be determined
congstent with the same risk godls).

! If the cost of corrective action to SSTL will likely be greater than further tier evauation
(detacollection, andysis, review, etc.) and subsequent corrective action.

! The gpproach, or assumptions, used to derive the current tier's goas are not
appropriate for conditions at the Site.

Corrective Action - If the concentrations of the COCs are above the SSTL and interim
remedid action or further tier evaluation are not considered appropriate options, a CAP for
active cleanup and/or intringc remediation (to collect sufficient data to conclude that
concentrations of COCs will not present an unacceptable target risk to human hedth or the
environment using natural biodegradation and/or other natura attenuation mechanisms) should
be submitted. See Appendix C for further information on demondrating intringic remediation.

STEP8-TIER 3 ASSESSMENT

In Tier 3, SSTL for the source area and the point(s) of compliance are developed on the basis

of more sophidticated gtatistica and/or COC fate and transport analyses using site-specific input
parameters for appropriate exposure scenarios. Any additional information required for Ste-specific
modding efforts must be collected.
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STEP9-TIER 3EVALUATION

The Tier 3 evauation involves the use of more sophisticated mathematical models than used in
Tier 2 (e.g., computer anaytical models) or numerica ground water modeling codes that predict time-
dependent dissolved COC trangport under conditions of spatialy varying permesbility fields to predict
exposure point(s) concentrations and to re-calculate SSTL based on more site-specific data. Monte
Carlo andysis can be used in avariety of waysin the Tier 3 assessment. Fird, distributions may be
used for the exposure parameters. These will provide the user with adigtribution of risk values. The
U.S. EPA typically evauates potentid risk at the 90 or 95 percent upper confidence level. Second, if
Ste specific data are available or appropriate data can be identified from the literature, Monte Carlo
can be used for the fate and transport parameters used in the modeling. If limited Ste-specific data are
available, then a sengtivity analys's could be conducted to demonsirate which parameters are the most
sgnificant for the modd.

STEP10-TIER 3ACTION

A decision asto the gppropriate action must be made based on the site conditions to the
SSTLscdculated in step 9. Two options are available;

1) Verification Monitoring - If the concentrations of the COCs are below the SSTL, further
COC ddinestionis not necessary. A CAP proposing a short-term (e.g., two years)
monitoring program to verify the modeling results and assumptions used to develop the SSTLs
should be submitted. If the concentrations of the COCs are below the SSTL and historical
datafor at least 2 years (or another timeframe as gpproved by the Region) is sufficient to verify
the modd, then arequest for Site action may be submitted.

2) Corrective Action - If the concentrations of the COC are above the SSTL, a CAP for active
cleanup and/or intringic remediation should be submitted.

STEP 11 - CORRECTIVE ACTION PROGRAM

Based on the target levels (Tiers 1, 2, or 3), choose measures to achieve those levels and/or
eliminate exposure pathways. It may aso be appropriate to initiate active remediation at a Site (perhaps
to further address the source areq) and to then implement a verification monitoring program to
demondrate intrinsc remediation for the residua COC.

All corrective actions will require a Regionaly approved CAP. Detailed design specifications

must be developed for ingtdlation and operation of the selected corrective action option(s). The
Region will review and approve CAPs on a case-by-case basis.

STEPS12 & 13- VERIFICATION MONITORING

Following, or during, a corrective action, a compliance monitoring program may be required to
insure: 1) that target god's continue to be met, and 2) assumptions and predictions used in Tier 2 and 3
are verified. The monitoring frequency will be established on a site-by-dte bass. Once monitoring
data verifies the modd predictions and supports the conclusion that no threat to human hedlth, safety, or
the environment exigts currently or in the future, a site action decision will be considered by the Region.

[I.SITE ACTION DECISIONS
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"Site Action" decisons are based on site-specific land use assumptions and conditions. Land
and/or ground water use, and the associated exposure conditions, should not be changed such that risk
isincreased. For example, if concentrations of COC are present in the ground water that prevent
human consumption but no further actions are required (based on demondration that the release does
not pose arisk to human health or the environment), the conditions and assumptions (e.g., the ground
water should not be used for consumption) will be documented in the "Ste action” letter to the
responsible party. Also, this agency will keep files on releases responded to as part of this policy.

Example language of aste action letter can include: "Based upon current information, the U.S. EPA
Region 5 anticipates no need to take further RCRA enforcement, investigatory or cleanup action at this
gte unless new information warranting further RCRA congderation or conditions not previoudy known
regarding the Site are discovered.”
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APPENDIX A
RBCA Classfication/Priority System

Stesare placed in Classfication 1if:

- an emergency Stuation exists

- afire or exploson hazard exists

- vapors or free product exists in astructure or utility

- concentrations of COC have been detected in a potable water supply or surface water
supply intake

- free product exists on surface water

- COC exigt in surface water

Stes are placed in Classfication 2 if:

Clasdfication 2a

- asggnificant near term (0 to 1 year) threat to human health, safety, or sendtive
environmental receptors exists

- potable supply wells or surface water supply intakes are located < 1 year ground-water
travel distance downgradient of the source area

Clasdfication 2b:

- free product exists in amonitoring well measured at > 1 foot thickness
- potable supply wells or surface water supply intakes are located < 1000 feet
downgradient of the source area (where ground-water velocity datais not available).

Stes are placed in Classfication 3 if:
Classfication 3a

- ashort term (1 to 2 years) threat to human hedlth, safety, or sendtive environmenta
reoitors exigs _

- potable supply wells or surface water supply intakes are located > 1 year and < 2 years
ground-water travel distance downgradient of the source area

- senditive habitats or surface water exist < 1 year ground-water travel distance
downgradient of the source area and the ground water discharges to the sendtive
habitat or surface water

Clasdfication 3b:

- free product exigtsin amonitoring well measured at > 0.01 foot thickness
- concentrations of COC above the RBSL have been detected in a non-potable water

supply well
- hydrocarbon-containing surface soil (< 3 feet below grade) existsin areas that are not

paved

- sengitive habitats or surface water used for contact recreation exist < 500 feet
downgradient of the source area (where ground-water velocity and discharge location
data are not available).
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- the steislocated in a sengtive hydrogeol ogic setting, determined based on the
presence of fractured or carbonate bedrock hydraulically connected to the impacted
aquifer

- ground water is encountered < 15 feet below grade and the Site geology is
predominantly sand or gravel

Stesare placed in Classficaion 4 if:
Classfication 4a

- along term (> 2 years) threst to human hedlth, safety, or sengtive environmental
receptors exists

- potable supply wells or surface water supply intakes are located > 2 yearsand < 5
years ground-water travel distance downgradient of the source area

- non-potable supply wells are located < 1 year ground water travel distance
downgradient of the source area

Clasdfication 4b:

- free product exigs as a sheen in any monitoring wells

- non-potable supply wells are located < 1000 feet downgradient of the source area
(where ground-water velocity datais not available)

- the ground water is encountered < 15 feet and the Site geology is predominantly silt or

clay
Stes are placed in Classficaion 5if:

- there is no demonstrable threat, but additiona data are needed to show that there are

no unacceptable risks posed by the site o
- assessment data for the site indicate concentrations in some samples are above the

RBSL or SSTL, as appropriate, and further assessment is needed
- assessment data for the site indicate concentrations in samples are below the RBSL or

SSTL, as appropriate, but the samples are determined to not be representative;
therefore, further assessment is needed
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Appendix B - LEACHABILITY MODEL FOR PETROLEUM CONTAMINATED SOIL

The following approach is provided to determine whether leachates from petroleum
contaminated soilswill migrate to ground water and to determine Site Specific Target Levels (SSTLS)
for cleanup of impacted soil. If soil concentrations are above the Risk Based Screening Levels
(RBSLs) outlined in the Risk-Based Corrective Action Criteria Document, the soil leachability mode
can be used to determineif soil remediation is necessary. The modd utilizes a series of mathematical
equations that quantify contaminant partitioning, transport, degradation, and dilution processes.

Data Acquisition

If aTier 1 limited evauation has dready been completed, no additiona assessment will be
necessary to utilize the soil leachability modd and this section may be skipped.

Soil borings and monitoring wells are necessary to usethe model. The Size of the source area
(map view) should be measured. At least one boring isto be placed within the most probable area of
concern and completed to the water table”. Split poon soil samples shal be collected at five foot
intervals, or lessif direct push methods are used. Each soil sample shal be screened in the field for
organic volailes and lithologicaly classfied (eg. silty sand, clay, etc.). For other lessvolatile
contaminants such as diesdl or kerosene, dternative screening methods (e.g. field GC, immunoassay,
etc.) can be used to determine the worst case sample.

A soil sample from the depth (vadose zone) that exhibited the highest organic reading (fidd) is
to be andyzed. For gasoline releases, analyze for: benzene, toluene, ethylbenzene and xylene (BTEX);
for diesd: BTEX and polynuclear aromatic hydrocarbons (EPA method 610 or equivaent). Further, a
s0il sample from the bottom of the boring shdl be andyzed usng a grain szefhydrometer test. The
sand, silt and clay fractions shdl be segregated at .074 mm (#200 screen) and .004 mm, respectively.

The depth to the water table should be measured with gppropriate insgrumentation and
hydraulic gradient determined. A ground-water sample shal be collected and andyzed for the
appropriate parameters.

A second soil boring shdl be ingtaled outside of the area of known soil contamination (based
on exiging data). A soil sample should be collected below the "A™ horizon (NOTE: "horizon™ derived
from standard geologica textbooks) unless a shalow water table precludes this collection. The ol
sample should be lithologically described and analyzed for tota organic carbon by EPA Anaytical
Method 415.1. The presence of cacareous soil should be noted for possible andytical interferences.

Any visud daining of surficid soil should be noted, including the presence of asphdt or
concrete over the impacted soil. Any potential exposure points to the impacted soil should be noted
(e.g. contaminated soil exposed at surface or enclosed spaces that may accumulate vapors).

* If field readings from three consecutive split spoon samples indicate non-detectable
concentrations of COC, then advancement of the boring to the water table may not be
necessary. In tha stuation, an additiona soil sample should be collected from the
termination depth to verify the vertica depth of the soil impact. This sample shdl be
analyzed for those congtituents as described above. Depth to water measurements and
ground-water quality analyses would not be necessary.

SOIL LEACHABILITY MODEL INPUT PARAMETERS
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Thefollowing input parameters are needed to utilize the equations. An In-Situ Soil Risk
Evduation form isincluded with this document, which evauates soil leachability into risk. Page 1 of that
form can be used to summarize the pertinent soil leachability data. Page 2 provides a concise format to
summaxrize the results from each equation and conclusons. The following equations are valid for:

aqueous concentration of COC < solubility limit of COC
5% < Sand < 70%
5% < Clay < 60%

For sediments that are outside these ranges, the nearest maximum or minimum values should be
used.

By Bulk density (g/ml) is defined as the weight of oven dry soil divided by the total volume of
soils (solids + pores). Based on the grain size distribution, B, can be estimated from Figure 1.

Cy Risk-based screening level (mg/l) for COC in ground water
C Concentration of COC (mgkg) in sail
Ca  Site-specific target level (mg/kg) for COC in soil

foc Thefraction of organic carbon in soil (kg/kg), typicaly determined by analyss of tota
organic carbon (TOC) by EPA method 415.1.

H' TheHenry'sLaw Constant (dimensionless units) relates the partid pressure of agas and its
correponding solubility in weter at a given temperature.

Aver age annual rechar ge (precipitation minus evapotranspiration and runoff). Assume 18
centimeters unless additiona information is available.

K, Thesoil/water partitioning coefficient (K, (ml/g) is compound specific and provides an
indication of the tendency of COC to partition between particles containing organic carbon and
water. Some averaged values for typica petroleum congtituents are provided in Table A.
Please note that the valuesin Table A are most gpplicable for soils containing an f,. value >
1%.

Table A
cocC Kee H mgl
(miig) g/l
Benzene 81 .226
Toluene 133 .301
Ethylbenzene 176 .280
Xylene 639 278

Naphthalene 1543 .002
Benzo(a)anthracene 1,380,384 .0002
Benzo(b)fluoranthene 549,541 .0005
Benzo(k)fluoranthene 4,365,158 .043
Chrysene 245,471 3.02x 108

Dibenz(ah)anthracene 1,659,587 3.05x 107

VIOTILgOmery. J.H. el.d. L Grounowae Crigmica
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Publishers.
From Howard, P.H. et.d., 1991. Environmental Degradation Rates, Lewis Publishers.

Thedistance in centimeters (cm) between the depth of the soil sample exhibiting the highest
concentration of COC and the depth of the measured water table. For example, if the soil
sample with the highest concentration of COC occurred at 10 feet below land surface (bls) and
ground water was encountered at 20 bls, then L = 304.8 centimeters (10 feet).

Por osity (I/1) isthe percentage of the rock or soil that isvoid of materid. Based onthe grain
sze digtribution, the porosity can be estimated from Figure 2.

Water-filled porosty (I/1) is expressed as aratio of the volume of water in the soil divided by the
bulk volume of the soil sample.

The biodegradation " half-life" (days) of COC. Thisis compound specific. Some
conservative vaues for typica petroleum condtituents are provided in Table A.
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Equation 1 - Determine concentration of COC in pore water at the source

Cdculate the concentration of the COC in soil pore water directly in contact with contaminated
soil. The equilibrium partitioning of the COC between the sorbed, agueous and vapor phasesis
described by the following equation:

CW = Cs * Bd /(Bd*Koc*foc + d’w + (‘b - ‘bw) * Hl) < 3)|Ub|||ty

where,

C, = concentration (mg/l) of the COC in soil pore water at the source,

C,= concentration (mg/kg) of the COC in soil at the source (worst case sample),
By= bulk dengty (gyml) of sail,

Ko = organic/water partitioning coefficient (ml/g) of the COC (see Table A),

f.= fraction of organic carbon (kg/kg) in the sail,

¢ = porosty (/1) of the sail,

oy = water filled porosty (I/I) of the soil in the vadose zone, and

H' = Henry'sLaw Congant (unitless) of the COC (Table A).

Because the most consarvative Situation is assumed (only physica partitioning of the
contaminant), the value for C,, islikely to exceed the RBSL for the COC. The remaining equations are
utilized to account for infiltration velocities, atenuation and biologica degradation effects and will be
applied to C,, to determine the risk to ground water.

Equation 2 - Determine unsaturated zone flow velocity

Cdculate the velocity of water via one-dimensiona unsaturated flow through the vadose zone
without disperson. Thisis determined by the ground water recharge rate (or infiltration rate) and the
water filled porosity of the unsaturated soil in the vadose zone (assumed to be congtant with depth), as
shown in the equation below, not by the saturated hydraulic conductivity of the soil.

V., =/,
where,

V,, = vdocity (cm/yr) of water in the vadose zone,
| = raeof recharge or infiltration rate (cm/yr) to ground water, and

¢, = water filled porogty (I/1) of the soil in the vadose zone.

Equation 3 - Determine COC velocity considering an organic retardation effect

Cdculate the velocity of the COC in the vadose zone with the organic retardation effect using
the following equation:

Ve=Vu/(1+Bg* Koo * fod by)
where,

= vdocity (cm/yr) of the COC in the vadose zone,
V,, = veocity (cm/yr) of water through the vadose zone,
=  bulk densty (gyml) of sail,
o« = organic/water partitioning coefficient (ml/g) of the COC (see Table A),
f.= fraction of organic carbon (kg/kg) in the soil,
= water filled porosty (I/1) of the soil in the vadose zone,

Equation 4 - Determine COC travel time to ground water

Cdculate thetimeit takes for the COC to travel from its source to the ground water through the
vadose zone using the following equation:



= trave time (yr) of the COC in the soil pore water,
L = distance (cm) from the source of the COC in ground water, and
V.= vdocity (cm/yr) of the COC in the soil pore water

NOTE: multiply T, by 365 days/year to convert from years to days for the next equation.
Equation 5 - Determine COC concentration at ground water considering biodegradation effect

Cdculate the concentration of the COC just above the ground water table with the
biodegradation effect during transport through the vadose zone.

C, =C,, * exp(In(0.5)/ty, * Ty)
where,

concentration (mg/l) of the COC in soil pore water just above the water table,

concentration (mg/l) of the COC in soil pore weter at the source,
biodegradation "haf-life" (days) of the COC, and

travel time (days) of the COC through the vadose zone.

C
CSV
1/

Te

Assuming no dilution or digperson of the COC upon mixing of the leachate with ground water,

the concentration of the COC in ground water will be exactly the same as the concentration in soil pore
water just above the water table.

Equation 6 - Determine COC concentration in ground water considering dilution/attenuation effect

Caculate the concentration of the COC in ground water at the location of a potentia receptor
conddering the effect of dilution and attenuation. The Dilution/Attenuation Factor (DAF) isaunitless
number which expresses the magnitude of dilution and attenuation which occurs after the leechate
generated from the soil encounters ground water.

Utilizing a Monte Carlo modeling approach, arange of typica Ste parameters were evauated
by the Region to determine gppropriate DAFs. Parameters that were considered include: hydraulic
conductivity, hydraulic gradient, ground water recharge rates, dimensions of the impacted soil, and
aquifer thickness. Based upon a source length of ten feet, ground water recharge rate of 18 cm/year,
and an aguifer thickness of 10 feet, and typica hydraulic gradients of .005 to .02, the following DAFs
should be utilized as default values:

TABLEB
Sandy Sail (hydraulic conductivity > 10 cnv/sec); DAF=8
Clay Sail (hydraulic conductivity < 10 cnv/sec); DAF=2

The concentration of the COC in ground water at the location of a potentia receptor can be calculated
using the following equation:

Cqw = C,/DAF

where,

Cqw = concentration (mg/l) of COC in ground water at the receptor,

C,= concentration (mg/l) of COC in ground water directly below the source, and
DAF = dilution/attenuation factor (unitless) see Table B.

If Cgw < Cipg, thereis no need to proceed any further



If Cqw > Cipe, proceed to Equation 7.
where C,.y = risk based screening level (mg/l) of COC in ground water.

Equation 7 - Determine Site Specific Target Level

Cdculate the site specific target level of the COC in soil based on the parameters at this
particular Site. The equilibrium partitioning of the COC between sorbed and agueous phasesis
described by the following equation:

Csstl :Crst*DAF/eXp(I n(o-5)/t1/2* c) * ((Bd* Koc*foc + q)w + (d) - q)w))*Hl)/Bd
where,

Cu = Ste-specific target leve (mg/kg) for the COC in soil,
Crpg = sk based screening leve (mg/l) of COC in ground weter,
DAF = dilution/attenuation factor (unitless) (from Table B),
t,, = biodegradation "hdf-life" (days) of the COC,
T. = trave time(days) of the COC through the vadose zone.
By = bulk densty (g/ml) of sail,
Ko = organic/water partitioning coefficient (ml/g) of the COC (see Table A),
f. = fraction of organic carbon (kg/kg) in the soil,
¢ = porosty (/) of the sail,
= water filled porosty (I/1) of the soil in the vadose zone, and

dw
H Henry's Law congtant (unitless) of the COC (Table A).



INSITU SOIL RISK EVALUATION

SITE DATA
StelD #

Site Name

Site Address
SOIL RISK EVALUATION DATA

Soil % SAND %
} from sail grain sze andysis
Soil % CLAY %
Highest Level Benzene mg/kg C,
Soil Analysis Toluene mg/kg C,
Ethylbenzene mg/kg Cs
Xylenes mg/kg Cs
Fraction of Organic Carbon ka/kg foc
Average Annud Recharge cmiyr H,
Digtance from highest Soll cm L
Contamination to water table
Bulk Densty of Sail glcc By from Fgure 1
Porogity of soil dec % ¢ from Figure 2

List Possible human or sensitive receptor exposure pathways from surface soil.

Pglof2



INSITU SOIL RISK EVALUATION

SITE DATA
StelD #

Site Name

INSTRUCTIONS
Provide results, separately, for each congtituent in the highest level soil analyses.
DATA

List Congtituent:
(BTEX)
Bioremediation Hdlf Life days ty,
(from Table A - Appendix B)
Soilwater partitioning coefficient ml/g K
(from Table A - Appendix B)
RESULTS

Equation
L eachate Concentration mg/l C, 1
Veocity of Water ftlyr V,, 2
Velocity of COC ftlyr V. 3
Time to Reach Ground Water days T. 4
Concentration reaching GW mg/l C, 5
Concentration at receptor mg/l Cgy, 6
Site Specific Target Leve mg/l Cy 7

CONCLUSIONS

Does concentration of chemica of concern in s0il exceed SSTL?

yes no

Isthere arisk of exposure to a Human or Sensitive Receptor due to contaminated soil?

yes no

Pg 2of 2



APPENDIX C
INTRINSIC REMEDIATION

Intringc remediation includes biologica degradation and one or a number of natural attenuation processes (eg.,

advection, disperson). The following information addresses naturally occurring biodegradation processes in the subsurface. A
smilar demonstration should be madeif other natural attenuation processes are predicted to reduce concentrations
of COC. Ingenerd, the demondgtration for approva of intringc remediation as a corrective action includes hydrologic (rates of
ground water flow), geochemical (adsorption properties), microbiologic (rates of biodegradation), and receptor (exposure
point) congderaions. Specificaly, the following should be demongtrated in the CAP:

(0]

0

Tier 1

Tier 2

the source(s) (e.g. lesking tanks, free phase product) must be removed or controlled;

hydrologic parameters at the Site, including aquifer porosity, permeshility, thickness, dispersivity, and potentiometric
datamust be characterized so that directions and rates of ground water flow can be ascertained;

sorption characterigtics of the COC using Site aguifer materials must be determined.  This determination may be made
by laboratory methods to estimate distribution coefficient (K ) values, or by caculating K vaues from organic matter
content of the agquifer materia (Appendix C);

confirmation that the COC are readily biodegradable, and estimates made of COC biodegradation rates.
Biodegradation rates may be determined from one or a combination of methods: 1) field data showing the attenuation
of COC in the direction of ground water flow as corrected for the effects of adsorption and hydrodynamic dispersion,
or 2) laboratory experiments, conducted with aquifer material from the site and under geochemica conditions (e.g.,
aerobic/anaerobic, temperature, pH, saturated/unsaturated) characteristic of the site, showing the biological
degradation of specific COC over time. Geochemica conditions in water-saturated ground weter systems are typicdly
more variable than in the unsaturated zone, and using published vaues for biodegradation rates in ground water
systems (as can be estimated in unsaturated soils; Appendix B) is not presently technically feasible;

initia confirmation, often accomplished through modeling, (using hydrologic, geochemica, and microbiologica data
from the assessment) that the COC gppearsto be a, or near, equilibrium (additional migration is minima or
nonexistent). COC fate and trangport modeling, that includes consideration of hydrodynamic dispersion, adsorption,
and microbid degradation rates are commonly used to predict plume migration;

the evauation of intringc biologica degradation is conducted as part of the RBCA decison making and therefore the
potential exposure routes and potentia receptors are evauated prior to making adecision to consider intrinsic
bioremediation. For example, if an impact to awater supply well is predicted in atime frame that isincongstent with
the(:j predicted natura degradation of the COC (present or future), then intringc remediation is not an immediate option,
ana,

the totd cost to monitor intringc biologica degradation. For example, if the monitoring cost over along period of time
exceeds the total cost to operate, maintain, and monitor a more aggressive active remediation over a shorter period of
time, intringc remediation is not recommended.

Some site-specific characterigtics to consider when evauating the natura biodegradation of COC in the subsurface
may include (the specific ligt of parameters to measure or estimate will depend upon the data needs of the specific
modeling to be conducted for the site):

* pH
* dissolved oxygen

* s0il moisture (vadose zone)

* porogty/permesability

* temperature

* total organic carbory organic matter content
* s0il bulk dengity



Tier 3

* water retention/field capacity (vadose zone)
* redox potential

* s0il gas oxygen content
* total organic nitrogen

* oluble sdts

* puffer index

* jron, sulfate, soluble potassum

* sodium, cacium, sulfur, boron, copper, and zinc

* cation exchange capacity and exchangeable cations

* jnorganic nitrogen, soluble phosphorus, soluble manganese

Naturad biodegradation of COC in unsaturated soil may be most applicable for stes with the following characterigtics:
s0il moisture content: 25 to 85 percent field capacity;

oxygen transport: minimum air-filled pore space of 10 percent;

permesbility: saturated hydraulic conductivity grester than 1 x 10° centimeters per second;

pH 5.510 8.5;

redox potentid: greater than 100 millivolts;

nutrients: total organic nitrogen greater than 1.5 percent; carbor/nitrogen ratio less than 40; carbon/potassum ratio less
than 120.

Appropriate andytica parameters should be routinely monitored to show that intringc remediation (biodegradation and
attenuation) of the COC is occurring. Both direct (specific COC) and indirect (e.g.,dissolved oxygen, CO,, nitrogen,
methane, temperature, etc.) measurements of degradation may be appropriate.



Appendix D DOMENICO'S MODEL

Contaminant transport in the saturated or the unsaturated zone can be estimated using the Domenico Model. This
andyticd modd utilizes three dimensiona dispersion, seepage ve ocity, and biologica degradation principles to predict the
gpatial and tempora decrease in concentration of COC away from the source. The calculations can be completed with a hand
caculator or can be incorporated into a computer program.

The Domenico Modd is based on the following assumptions:

1) One dimensiond flow and three dimensiond dispersion,

2) The medium is isotropic and homogeneous,

3) The source concentration is constant,

4) The ared source is perpendicular to the direction of flow, and

5) decay of the contaminant in the dissolved and adsorbed phases occurs at the same rate resulting in afirst order decay
rate.

The Domenico Modd requires the following data:

Description Symbol  Units
Concentration of COC at source C, mgl
Width of the source perpendicular toGW flovw 'Y m
Vertica thickness of source Z m
Distance from source to well (x-coordinate) X m

y and z coordinates of well relative to source yZ m
Longitudina digperdvity (x/10) a, (mf/day)
Transverse dispersivity (a/3) a, (nf/day)
Veticd dispersivity  (&/20) a, (m?/day)
Seepage Vdocity (m/s) * v ms
Error Function *x ef N/A
Complimentary error function** efc N/A
First Order Decay Rate Frx A N/A

Timeis cdculaed in days

* If the COC adsorbs, the seepage velocity (v) is replaced by the retarded velocity (V/R), where R is the retardation
factor in the saturated zone. The Retardation factor can be caculated with the following equation:

R=1+K, *f.* Bd
¢
where,

K o = chemica specific soil/water partitioning coefficient (ml/g) derived from literature.
Bd = Bulk Density (g/cn’)

¢ = porogity

f.. = fraction of organic carbon in decima percent of soil.

*x The Error Function and Complimentary Error Function are dimens onless numbers which can be derived from an erf
and erfc table. These tables can be found in many hydrogeology reference and textbooks.

*** |f thefirst order decay rates have not been determined on a Site specific bagis, the decay rate (1) shal be assumed to
be O.

EQUATION 1

Equation 1 should be used if the receptor islocated dong the centerline (x - axis) and hydraulicaly downgradient of the
source. Inthatcase,y=z=0,and A =0.

C(x,0,0,t)= (Cy/2)erfe] (x-Vt)/2(o,vt) 2] erfl Y/A(ou )2 erf] Z/A(e,x)"2]
EQUATION 2



If the receptor is not located along the x-axis centerling, y and z = 0, and » = 0.
C(x,y,zt)=(C/8)erfcl (x-vt)/2(avt)"?]
[erfl(y+Y/2)/2(eyX)"?]-erfl (y-Y/2)/2(e,X)"]]
[erf[ (z+ 2)/2( e, X) V3] -erf[ (z-2)/2) (. X) V7] ]
EQUATION 3

Equation3 considersfor firs order decay of the COC. Thisequation should only be used when sufficient Ste specific data
exigsto determine the first order decay rate (i.e., A = 0)

C(x,y,zt)=(C./8)exp[ (X/2u)[ 1-(1+4r e, M) V]

erfc[[x-vt(1+4ra, M) Y?]]
2(a,vt)V?

[erf{(y+YI2)/2(eep)"?] -erfl (y-Y/2)/2(eepx) 7] ]
[erfl(z+ 2)/2(e.X)"?] -erf[ (2 2)/2) (e X) 7] ]




Appendix E References
Brady, N.C., 1984. The Nature and Properties of Soils. Macmillan Publishing Company.
Buol, SW., Hole, F.D., and McCracken, R.J., 1980. Soil Genesis & Classfication. lowa State University Press.
Cushman, JH., 1990. Dynamics of Fluidsin Hierarchia Porous Media. Academic Press.

Devinney, J.S., Everett, L.G., Ly, J.C.S, and Stallar, R.L., 1990. Subsurface Migration of Hazardous Wastes. Van Nostrand
Reinhold Publishers.

Domenico, P.A., 1987, An andytica modd for multidimensiond trangport of a decaying contaminant species. Journd of
Hydrology, V. 91, p.49-58.

Domenico, P.A. and Robbins, G.A., 1985, A new method of contaminant plume analyss. Ground Water, V. 23, No. 4, p.476-
485.

Dragun, J., 1988. The Soil Chemistry of Hazardous Materids. Hazardous Materid sSControl Research Inditute, Silver Spring,
Maryland.

Fetter, C.W., 1988. Applied Hydrogeology. Macmillan Publishing Company.
Fetter, C.W., 1993. Contaminant Hydrogeology. Macmillan Publishing Company.

Green, W.H. and Ampt, G.A., 1911. Studiesin Soil Physics. |. The flow of air and water through soils. Journa of Agricultura
Science 4:1-24.

Gribb, Mdlly, ph.D., 1994. Persond Communication. The University of South Carolina, Department of Civil Engineering,
Columbia, SC.

Guidance Manud for Risk Assessment Contaminant Fate and Transport Modding, RG-91, May 1994, Texas Natural Resource
Conservation Commission.

Guide for Risk-Based Corrective Action a Petroleum Release Sites,, Find Draft, December 27, 1994. American Society for
Testing & Materials Emergency Standard ES38-94.

Howard, P.H., Boahling, R.S., Jarvis, W.F., Meylan, W.M., and Michdenko, E.M. 1991. Handbook of Environmenta
Degradation Rates. Lewis Publishers.

Knox, R.C., Sabatini, D.A., and Canter, L.W., 1993. Subsurface Transport and Fate Processes. Lewis Publishers.

Luckner, L. and Schestakow, W.M., 1991. Migration Processes in the Soil and Groundwater Zone. Lewis Publishers.
Mendti, JA., Marin, D.L., and Anderson, M.D., 1992. Fate and Transport Modding of Diesdl Fuel Contamination in the
Vadose Zone. Paper to be published by Lewis Publishers, Chelsea, Michigan, in the Proceedings from the Association for the
Environmental Health of Soils Fourth Annua West Coast Conference on Hydrocarbon Contaminated Soils and Groundwater.
Montgomery, JH. and Welkom, L.M., 1991. Groundwater Chemicals Desk Reference. Lewis Publishers.

Montgomery, JH., 1991. Groundwater Chemicals Desk Reference Volume 2. Lewis Publishers.

Muaem, Y., 1976. A Catdogue of the Hydraulic Properties of Unsaturated Soils. Isragl Ingtitute of Technology Hydrodynamics
& Hydraulic Laboratory.

Rawls, W.J. and Brakensiek, D.L ., 1989. Estimation of Soil Water Retention and Hydraulic Properties. from H.J. Morel-Seytoux
(ed.), 1989. Unsaturated Flow in Hydrologic Modding. Kluwer Academic Publishers.

Risk-Based Corrective Action for Petroleum Releases, June, 1995, South Caralina Department of Hedlth and Environmenta
Control



TABLE 4 - RBSL'SFOR GROUND WATER
Ground Water - Injestion (mg/l)

Chemical of Concern Residential Commecial/
Industrial

Concentration Concentration
(mg/l) (mg/l)
Benzene .005 0.10
Toluene 1 20
Ethylbenzene T 10
Xylenes 10 204
MTBE* 0.2 0.2

Naphthalene* 0.02

Benzo(a)anthracene 0.0002

Benzo(a)pyrene 0.0002
Benzo(b)fluoranthene 0.0002
Benzo(k)fluoranthene 0.0012
Chrysene 0.0002**
Dibenz(a,h)anthracene 0.0003**

* Lifetime health advisory
** from 1993 U.S. EPA Drinking Water Regulations and Health Advisories



RISK-BASED SCREENING LEVEL LOOK-UP TABLES

The RBSL s (for residential scenario) for Chemicals of Concernin ground water are based uponthe Maximum
Contaminant L evels (M CL ) publishedinthe Environmental Pr otection Agency Drinking W ater Regulations and Health
Advisories. In some cases, proposed MCLs and Health Advisories are used. Thereis also a set of values for a
Commercial/Indugtrial scenario, based on atargetrisk level of 1in 100,000. RBSL sfor soil werecalculated usingthe
leachability mode included in Appendix B. Assumptionsfor calculation of soil RBSLswere:

- fraction of organic carbon: 2000 mg/kg, or 0.002

- ground water rechargerate: 18 cm/yr

- organic/water partitioning coefficient: published literature

- porosity: for sandy soil - .47, for clay soil - .43

- bulk dengity: for sandy soil - 1.55 g/cc, for clay soil - 1.6 g/cc

- half-life biodegradation rate: published literature

- water -filled porosity in the vadose zone: for sandy soil - 0.3, for clay soil - 0.3

TABLE 1
POTENTIAL INITIAL RESPONSE ACTIONS: IMMEDIATE THREAT

Scenario Potential Initial Response

Explosive levelsor concentrations of Evacuate occupants, begin abatement
vaporsarepresent in aresidenceor other measur es such as subsurface ventilation
building

Explosive levels are present in subsurface Evacuate immediate vicinity, begin
utility system abatement measures

Free-product is present in significant Prevent further free-product migration,
quantities at ground surface, on surface ingtitute free-product recovery
water bodies, in utilities

An active water supply wdl, water supply Notify users, provide alter nate water
ling, or public surface water intakeis supply, hydraulically control contaminant
impacted or immediately threatened migration, treat water at point-of-use

A sengitive habitat or sensitive resour ces Minimize extent of impact by containment
areimpacted measures and implement habitat
management to minimize exposure




TABLE 2

EXAMPLE FORMAT FOR SUMMARIZING COMPLETE EXPOSURE PATHWAYSAT ASITE

(CURRENT LAND USE)

For Tables 2 & 3, selection of exposure pathways is based on the following: Source of COC - release of gasoline from a leaking UST, soil in former
UST area and ground water contain levels of COC in excess of RBSL, Current and Expected Use of Land and Ground Water - The site is abandoned

but is zoned commercial, surrounding properties are residential, public water and sewer

is available,

Receptors -

No water wells or

receptorsidentified in the area. Inhalation of volatiles assumes either surficial or sub surface soil contamination volatilizing into an indoor area.

Potentially Exposed
Population

Exposure Route, Medium,
and Exposure Point

Pathway Selected for
Evaluation?

Reason for Selection or
Non-Selection

Off-site resident

Ingestion of ground water
from impacted water well

Direct contact with
surface soil

Inhalation while
showering

Dermal contact while
showering

Inhalation of volatiles

No

No

No

No

No drinking water wells
inarea

Off-site soil is
uncontaminated

Residents do not use
ground water for
showering

Residents do not use
ground water for
showering

Volatile emissions are
possible

On-site resident

Ingestion of ground water
Direct contact with
surface soil

Inhalation while

showering

Dermal contact while
showering

Inhalation of volatiles

No residents on-site

Ingestion of ground water

Direct contact with
surface soil

Inhalation while
showering

Dermal contact while
showering

Inhalation of volatiles

No water well located on-
ste

On-site soil isimpacted

N/A

N/A

Volatile emissions are
possible

Visitor

Ingestion of ground water
Direct contact with
surface soil

Inhalation while

showering

Dermal contact while
showering

Inhalation of volatiles

No water well located on-
site

On-site soil isimpacted

N/A

N/A

Volatile emissions are
possible

other potential



TABLE 3
EXAMPLE FORMAT FOR SUMMARIZING COMPLETE EXPOSURE PATHWAYSAT A SITE
(FUTURE LAND USE)

Potentially Exposed
Population

Exposure Route, Medium,
and Exposure Point

Pathway Selected for
Evaluation?

Reason for Selection or
Non-Selection

Off-site resident

Ingestion of ground water
from impacted water well

Direct contact with
surface soil

Inhalation while
showering

Dermal contact while
showering

Inhalation of volatiles

Yes

No drinking water wells
in area, but possible
futureinstallation

Off-site soil are
uncontaminated

Residents use ground
water for showering

Residents use ground
water for showering

Volatile emissions are
possible

On-site resident

Ingestion of ground water

Direct contact with
surface soil

Inhalation while
showering

Dermal contact while
showering

Inhalation of volatiles

No residents on-site,
property is zoned
commercial and is
reasonably anticipated to
remain commercial

Ingestion of ground water
Direct contact with
surface soil

Inhalation while

showering

Dermal contact while
showering

Inhalation of volatiles

No water well located on-
site

On-site soil isimpacted

N/A

N/A

Volatile emissions are
possible

Visitor

Ingestion of ground water

Direct contact with
surface soil

Inhalation while
showering

Dermal contact while
showering

Inhalation of volatiles

No water well located on-
ste

On-site soil isimpacted

N/A

N/A

Volatile emissions are
possible




